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VETERINARIANS frequently en-
counter Toxocara canis, the intestinal
ascarid worm in dogs, for this helminth
is extremely common in young pups.
As Toxocara is readily removed by the
administration of anthelmintics and
is rarely a serious problem in animals
over six months of age, the general con-
sensus has been that the parasite is
innocuous; it therefore received only
the cursory attention of the veterinary
profession. When it was determined
(1) (2) that prenatal infections of T.
canis were responsible for a large per-
centage of still births and early mortali-
ties in dog and fox pups, a more
serious attitude was adopted. In addi-
tion, it has recently been found that
Toxocara is one of the etiological agents
of the clinical syndrome in children
temed visceral larva migrams (3). The
recognition of T. canis as an economic
and public health problem has led to
extensive researches on its life history
and biology which had not previously
been thoroughly investigated.

Toxocara is a cosmopolitan parasite
widely distributed throughout the semi-
tropic and temperate zones. The inci-
dence of infection fluctuates with seas-
onal variations (4), but in general,
Toxocara tends to be more prevalent in
warm climates than in extreme north-
ern areas; in the Northwest Terri-
tories Toxocara is rarely found. T. canis
is primarily restricted to the family
Canidae and reports of its occurrence
in Felidae must be regarded with some
scepticism, for considerable taxonomic
confusion existed prior to the separa-
tion of T. canis and T. cati as distinct
species.
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LIFE HISTORY

Toxocara is a member of the family
Ascarididae and therefore a relative of
Ascaris lumbricoides, the round worm
in pigs. The life history of Ascaris is
well known, and its liver-lung-trachea-
oesophagus migration has become a
classical example of larval migration.
Like Ascaris, Toxocara also migrates
through the tissues of its host, but the
pattern is more complex.
The ova of T. canis average 0.087 mm.

in length by 0.075 mm. in width; the
shape varies from spherical to ovoid.
The surface contour of the egg appears
corrugated due to the mammilation of the
protein layer of the shell, and because
of this the eggs are opaque. Develop-
ment of the eggs takes place outside of
the host. The rate at which development
proceeds depends upon the environment-
al conditions; the eggs are very resistant
to low temperatures (5), and embryona-
tion may be either temporarily halted
or retarded. Moisture is essential for
development, direct exposure to sun-
light or dessication cause disintegration.
Under optimum conditions embryos are
prevent after six days and the first
nc-..At occurs Avithin the egg on about
the 12th day. The eggs are not in-
fective until this moult has taken place.
When ova containing second-stage

larvae are ingested by a dog the larvae
hatch out in the small intestine. The
freed larvae penetrate the intestinal
wall, and in so doing produce an en-

PLATE I
Fig. 1. Eggs of Toxocara canis. Fig. 2. First-stage larva
of Toxocara canis. Fig. 3. Second-stage larva of Toxocara
canis. Fig. 4. Third-stage larva of Toxocara canis. Fig. 5.
Anterior end of adult T. canis showing lateral alae.Fig. 6. Dorsal view of anterior end of adult T. canis.
Fig. 7. En face view of adult T. canis. Fig. 8. Male
tail of adult T. canis. Lateral view. Fig. 9. Male tail of
adu-t T. canis. Ventral view. Fig. 10. Posterior end of
adult fema'e T. canis. Lateral view.
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teritis and submucosal haemorrhages
which may be severe in heavy infec-
tions. The larvae invade the lymph ves-
sels rather than the mesenteric blood
vessels; from the lymph nodes they en-
ter the venous capillaries and travel
via the portal circulation to the liver.
Twenty-four hours after infection most
of the second-stage larvae have reached
the liver. There are no morphological
changes or increase in length (0.41-
0.49 mm.). The majority of larvae have
left the liver after 12 hours, those which
do not continue the migration become
encapsulated. It is this encapsulation
that gives the liver a mottled appear-
ance and the whitish spots characteris-
tic of T. canis infections.
The larvae pass from the liver to the

heart in the vena cava and then via the
pulmonary artery to the lungs. The first
larvae arrive in the lungs between 24
and 36 hours after infection, and the
number increases up to 96 hours. The
macroscopic lesions in the lungs are
very pronounced, petechial haemorr-
hages are often so numerous that the
entire lung is stippled.
There are two possible routes for the

larvae to follow from the lungs. The
first, through the bronchioles to the
trachea, and the second, to the heart
and systemic circulatory system via the
pulmonary vein. Those which proceed
through the trachea are swallowed and
subsequently reach the intestine where
they mature. The larvae proceeding by
the latter route are distributed to the
somatic tissues. The migration pattern
is determined by the age of the host.
In dogs under three months of age the
migration is tracheal, whereas in dogs
over six months of age it is almost
exclusively somatic.

In young dogs the larvae grow con-
siderably in the lungs (0.8-0.95 mm.)
reaching almost double the size of those
in the liver. The second moult occurs
either in the lungs, trachea or oesoph-
agus. By the 10th day after infection
the third-stage larvae have reached the
stomach where they remain for several
days; the third moult occurs here and

the larvae measure 1.0 to 1.5 mm.
Fourth-stage larvae are present in the
duodenum 13 days after infection, and
moulting fourth stages have been found
between the 19th and 27th day. In ex-
perimentally infected dogs, ova begin
to appear in the faeces between the
fourth and fifth week.
The larvae in the lungs of older dogs,

do not moult or develop beyond the sec-
ond stage. These larvae that are dis-
tributed via the circulatory system
show no predilection for a specific tissue
and encapsulate throughout the host,
where they remain viable for extended
periods of time.
The agents governing whether the

larvae grow and develop in the lungs
and follow a tracheal type of migration,
or whether they remain in the second
stage and eventually encapsulate in
other body tissues, are probably con-
nected with the physiological changes in
the host which occur with an increase
in age. This is significant, because it
tends to explain why T. canis is found
in abundance in very young pups, and
less frequently in older animals, even
though they are in contact with infec-
tive ova.

In addition, it has been found that
more larvae migrate to the somatic tis-
sues of female than male dogs. This
observation can be correlated with Eh-
renford's (4) findings. In a survey of
1,324 dogs he found that 32.8 per cent
males and only 9.4 per cent females were
infected vith adult T. canis. Further
analysis showed that although pups of
both sexes had a high incidence of in-
fection, the incidence in male dogs was
"significantly higher" than in females,
also, males showed no evidence of im-
munity up to 36 months of age, where-
as females exhibited "a marked and in-
creasing immunity from 6 to 36 months
of age". Thus, there is a definite age-
sex complex which influences the migra-
tory behaviour of T. canis in dogs.

PATHOLOGY

In association with the migration
there may be extensive tissue damage,
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PLATE II

Fig. 1. Second-stage larva of Toxocara canis in liver sur- Fig. 3 Encapsulated T. canis larva in liver (x120)
rounded by dense nodule of leucocytes (x480).

Fig. 2. Liver section showing haemorrhage, fatty degen- Fig. 4. Liver section showing tissue repair by proliferation
eration of tissue and cell necrosis. (x120). of connective tissue. (x120).
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and the histopathology of the liver and
lungs has been recorded by several in-
vestigators (6) (7).

Seventy-two hours after infection,
liver sections show free larvae in the
parenchyma and an infiltration of leu-
cocytes. The number of leucocytes con-
tinues to increas3 during the next 24
to 48 hours, the predominant cells be-
ing polymorphonuclear leucocytes, mono-
cytes and eosinopliiles. There is a tend-
ency for these cells to accumulate into
nodules, and although occasionally a
larva can be seen in their midst, more
often they are free in the tissue. The
tissue becomes necrotic, haemorrhages
are common, and there is a marked fat-
ty degeneration of the liver cells. The
first vestiges of a capsule are seen
about the 10th day, when the larva be-
comes surrounded by a thin fibrous
capsule. Coinciding with the capsule
formation, is the withdrawal of some of
the leucocytes from the area. The re-
generative process of the liver tissue
begins about three weeks after infec-

Fig. 5. Section of lung with numerous nodules resulting
from eucocytic infiltration after invasion of tissue by

T. canis (xlS).

tion and faci of liver cell degeneration
are repaired by fibrous tissue prolifer-
ation.

There is also an infiltration of leu-
cocytes in the lungs, with a high per-
centage of eosinophiles. These cells con-
gregate, forming dense nodules. In
light infections there is a lobular pneu-
monia and vascular congestion; in hea-
vy infections the pneumonia becomes
severe and there is an exudate contain-
ing red blood cells, epithelial cells, mu-
cus and larvae in the bronchioles and
alveoli. Haemorrhagic areas are com-
mon and some sections show complete
tissue degeneration.

Unless there are large numbers of
adult worms in the lumen of the intes-
tine the pathology is usually limited to
a moderate enteritis. When large masses
of worms are present, they may produce
an intestinal obstruction which can re-
sult in the rupture of the intestine.

PRENATAL INFECTION
Prenatal infection is important in

Fig. 6. Section of congested lung tissue with a single
T. canis larva.
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the epizoology of T. canis. Petrov (2)
found an extremely high incidence of
T. canis in newborn and young silver
foxes; the infection decreased with in-
creasing age, until it disappeared when
the animals were four years old. In
studying the incidence in stillborn and
living pups, Nifontov (1) reported
that intrauterine infection could be re-
sponsible for infection rates as high as
89.7 per cent in breeding establish-
ments.

Intrauterine infection can be estab-
lished either by the ingestion of infec-
tive ova during the gestation period or,
through the reactivation of the second-
stage larvae encapsulated in the somatic
tissues. In the first case, the larvae
during their migration through the host
are carried to the placenta via the cir-
culatory system; once they have reached
the maternal capillaries of the placenta
they penetrate the thin layer of tissue
separating the maternal and foetal
blood. The zonary deciduate type of pla-
centa in carnivores is well adapted for
the transference of larvae from mater-
nal to foetal tissue.

Courmelles (8) observed that female
dogs clinically free from adult Toxocara
produced infected litters, and he con-
sidered that there was a relationship
between the life history of the parasite
and prenatal infection. Yutuc (9) found
that bitches, free from intestinal infec-
tion and relatively isolated from any con-
tact with helminth ova during gestation,
still produced litters with T. canis and
Ancylostoma caninum. This led him to
postulate that: ". . . the infection of the
bitches which contributed to the para-
sitism of the pups had been acquired
prior to the initiation of the gestation
period, a pregestation infection". He
considered that the larvae, immobilized
in the somatic tissues of the host be-
came activated during pregnancy due
to the lowered resistance of the host
and the "debilitating effects of preg-
nancy", and travelled via the maternal
circulatory system to the foetal tissue.
Yutuc's hypothesis that larvae in the

somatic tissues serve as a source of
intrauterine infection has just recent-
ly been confirmed by the writer (10).
The age-sex migration complex is

directly connected with this type of
intrauterine infection. That more larvae
migrate to the somatic tissues of female
than male dogs and that, when the dogs
are beyond six months of age, there is
a marked tendency towards a somatic
rather than a tracheal migration are im-
portant facts in that they ensure the
maintenance of a high level of larvae
in the tissues; the habits of dogs make
frequent contact with T. canis eggs un-
avoidable. The mechanism by which en-
capsulated T. canis larvae are released
from the somatic tissues is unknown,
but it is thought that it may be con-
nected with the hormone changes which
accompany pregnancy.
The route taken by the larvae once

they have entered the foetus is not
known; however, the second-stage lar-
vae do not migrate beyond the liver and
lungs, intestinal infection is establishee'
four to six days after parturition (11'
(12), (13).

VISCERAL LARVA MIGRANS
Within the past decade, considerable

attention has been focused on host-for-
eign parasites, that is, those parasites
occurring in a host other than their
normal one. A parasite that has estab-
lished a satisfactory host-parasite re-
lationship, that is, has become well adap-
ted to its environment as a result of a
long association between host and par-
asite, usually does not cause extensive
damage to its host. Organisms, however,
which have been introduced into a host
fairly recently in evolutionary time or
which gain entrance to an abnormal
host, tend to produce harmful effects
due to their erratic behaviour, and this
applies particularly to their aberrent
migration. Beaver et al (3) have adopted
the term visceral larva migrans to de-
note a prolonged internal migration of
a larval parasite in an abnormal host.
When infective ova of Toxocara are

ingested by an abnormal host, the larvae
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migrate through the liver and lungs
and are eventually distributed to the
somatic tissue. Man is no exception,
and Smith and Beaver (14) have defi-
nitely established that T. canis is one
of the causative agents of human vis-
ceral larva migrans. This disease is
found primarily in young children and
can be correlated with their tendency
to ingest quantities of soil, which fre-
quently is contaminated with Tox9)cara
ova.
The clinical symptoms, according to

Beaver (15) ". . . are variable with the
exception of eosinophilia which is al-
ways persistent and well above normal
limits; levels above 59 per cent are com-
mon. More often medical attention has
been sought because of intermittent
fever, cough, muscle and joint pains, ab-
dominal pain or neurological disturb-
ances. Hcpatomegaly and pneumonitis
generally have been noted in the earlier
stages of the infection."
As T. can.is seldom becomes estab-

lished in the human intestine there is
no simple technique for direct diag-
nosis, the only reliable method today is
the loca '-ion and identification (16)
(17) of larvae in sections taken from
livcr biopsy,. Satisfactory serological
te?hniques have not yet been developed.

Recently, there has been some dis-
cussion concerning the possibility of
transmission of micro-organisms by
helminths, and it has been determined
that nematodes may carry viruses from
one host to another (16) (18) (19). It
is also thought that there may be a
possible relationship between a posterior
paralysis in pigs and the incidence of
Ascaris suumn, and one case of polio-
myelitis has been reported in conjunc-
tion with an ascaris-caused visceral
larva migrans (18). The present status
of knowledge makes any conclusions im-
possible, but the fact that nematode
larvae invade such a wide variety of
tissues makes it probable that if they
are not actually involved in the trans-
mission of viruises, they certainly can
facilitate their invasion.
As Taxocaira has a wide geographical

distribution visceral larva migrans is a
potential problem wherever dogs are
commonly infected. To date, cases have
been reported from various sections of
the United States, Great Britain, and
Puerto Rico; recent enquiries from
medical and veterinary personnel in
western Canada indicate its probable
occurrence in this country.
At present there are no adequate con-

trol measures, the resistant nature of
the egg-shell makes spraying with chem-
icals impractical. Adult education in
hygiene although effective, is difficult.
This leaves the following suggestion as
perhap3 the best that can be offered. A
system of mandatory worming imposed
on dog breeders and kennel owners be-
fore releasing dogs would substantial-
ly decrease the potential number of
eggs. Likewise, if veterinarians were
cognizant of the threat to human health,
routine faecal examination of animals
taken into their clinics and subsequent
treatment given in cases requiring
such, would also reduce the possibility
of human infection and the worm bur-
dens in the canine population. While
this method would be far from 100 per
cent perfect, it seems the most logical
and practical course open to us at this
time.
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OBITUARY
Dr. Edward A. Bruce

One of the best known veterinarians
of the Pacific coast, indeed of all Can-
ada, died on April 27th, 1958.

Dr. Bruce was born in Basutoland,
Africa where his father was serving in

the Royals Engin-
eers. He was taken
to Great Britain
when a child and
here his early
education was ob-
tained. He decided
to follow the sea
and took training,
which led to an
appointment a s
Midshipman. He

served in this capacity for two years,
finally coming to Canada in 1903. Soon
thereafter he entered the Ontario Vet-
erinary College, Toronto and after gra-
duation established a practice in New-
foundland.
When the Dominion Government de-

cided to establish meat inspection in
Canada a group of young men were
sent to Chicago for training. Bruce was
one of these. Following the completion
of this course he was appointed Travel-
ling Inspector for the Meat Inspection
Division and served in Ontario and the
Eastern provinces. Tiring of this
wandering life he requested an appoint-

ment giving a more fixed abode. Ac-
cordingly he was assigned to Calgary
and later to Vancouver. In 1916 he was
transferred to the Pathological Division
and served under the late Seymour Had-
wen. On Hadwen's appointment to the
position of Chief Pathologist, Ottawa
about 1918, Bruce was placed in charge
of the branch laboratory and served in
this capacity until his retirement in
1949. Following this he carried on
pathological work for the Province on
a part time basis.

There is left to mourn, his wife and
two daughters of British Columbia and
a brother and sister in England.

Dr. Bruce occupied a leading place in
veterinary medicine in British Colum-
bia. His early years in pathology were
devoted to research problems. He has
many publications to his credit. How-
ever it was in the field of service that
Dr. Bruce made his greatest contri-
bution. His knowledge of conditions in
British Columbia was phenomenal. Be-
cause of this he was able to give help-
ful advice and guidance which were of
great economic value.

In conclusion his many colleagues
who found him a boon companion mourn
his passing and express deep sympathy
to his wife and family.


